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BASIC-ABSTRACT: 



Back si de of a semiconductor wafer is treated by locating the wafer with its 
back s ide spaced from a cathode; and forming a plasma in the space to treat the 
wafer back side. 



Pref. the spacing is 0.8-2.5 cm., the pressure is 50-100 m. torr, and an RF 
power of 25-lOOW is applied for 10 sec. to 3 mins. to confine the plasma to 
the wafer back side. 



USE - In re moving impurities, including moisture, from the wafer back side 
and/or to inhibit undesired deposition of materials onto the back side. 



ABSTRACTED -PUB -NO: US 4962049A 



EQUIVALENT-ABSTRACTS : 



A process for treating the back side of a semiconductor wafer, so that it does 
not interfere with future device processing operations, comprises supporting 
the wafer with this side near a cathode, and forming a plasma in the 
cathode/back side gap. Also calimed is a process as above comprising forming a 
protective oxide layer 10-30 A thick, which inhibits subsequent undesirable 
deposition, by working in a vacuum chamber with a gap. of 1/4-1 in. flowing 
oxidising gas at 50-200 seem, and forming the plasma. Further claimed is a 
process as above in which the vacuum is 20-300 mtorr, the gas flow is 20-200 
seem, the r.f . energy of the plasma is 25-lOOW and it is maintained for 
10-180 's to form 10-30A of oxide layer. Additionally claimed is a process as 
the second above not specifying the gap size or the formation of an oxide 
layer. Also claimed is a process as the second above using an inert gas flow 
to remove undesirable material from the back side. Further claimed, is a 
process as the second above comprising forming a protective oxide layer which 
inhibits the subsequent deposition of undesirable matter. USE/ADVANTAGE - A 
method of treating the back side of a wafer so that materials which might 
interfere with subsequent front side IC processing are absent is provided. 
Materials already are removed from the deposition of e.g. W is prevented by an 
oxide coating which stops the formation of poorly adherent silicides which may 
flake off. The method is thus useful for IC processing in general. 
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@ Process and apparatus for treatment of bacl(side of semiconductor wafer. 



@ A process and an apparatus are disclosed tor 
the treatment of the backside or back surface of a 
semiconductor wafer such as a silicon wafer. By 
spacing the back side of a semiconductor wafer a 
predetermined distance from a cathode in a vacuum 
chamber and controlling the rf power and the pres- 
sure, a confined plasma may be used bo^ to clean 
the back side of the wafer to remove impurities, 
including moisture and other occluded gases; as well 
as to deposit a layer of oxide on the back surface of 
the wafer to inhibit subsequent deposition of poorly 
adherent materials on the back side of the wafer 



^ which might otherwise flake off during processing of 
the front side of the wafer to form integrated circuits 
Stb^reon. 
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SPACING THE BACK SIDE OF A 
SEKICOKDUCTOR KAPSH FROK 
X CM TO 2 , 5 CM ABOVE A 
CATKOOE IN A VACUCU CHAMBER 



FOIOiXHG A ALASKA BETWEEN THE 
WAFER AND THE CATHODE WHILE 
FLOWING AN OXIDIZING GAS 
THROUGH THE CK2kKB£R 



MAINTAINING THE PlASMA FOR 
ABOUT 10-180 SECONDS UNTIL 
ABOUT 10-30 ANGSTROMS OF 
OXIDE IS FORMED ON THE 
BACKSIDE OF THE WAFER 
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PROCESS AND APPARATUS FOR TREATMENT OF BACKSIDE OF SEMICONDUCTOR WAFER 



Background of the Inv ntion 



1. Field of the Invention 5 

This invention relates to a process and an 
apparatus for treating the backside of a semicon- 
ductor wafer according to the precharacterlzing 
part of claim 1 and 7, respectively. 10 



2. Description of the Related Art 

In the formation of integrated circuit stmcture 75 
on a semiconductor wafer such as a silicon wafer, 
a number of different materials are deposited, pat- 
terned, and etched during the construction of the 
integrated circuits on the wafer. 

During each of these steps. It is of utmost 20 
importance that no foreign materials, including dust 
or dirt particles, be in contact with the surface of 
the wafer, since precise alignment of each pat- 
terned layer is essential and the presence of any 
foreign materials could interfere with the deposition 25 
of a layer by causing imperfections in the layer, as 
well as interfere with the photolithography or etch- 
ing steps. 

In particular, it has been found that if a coating 
material such as tungsten is deposited on the in- 30 
tegrated circuit structure, deposition of a layer of 
tungsten on the backside of the silicon wafer may 
occur as well. Unfortunately, this layer of tungsten 
which deposits on the backside of a silicon wafer 
adheres rather pooriy. resulting in the flal<ing off of 35 
portions of the tungsten from the backside of the 
wafer. This, in turn, results in the deleterious forma- 
tion of loose particles which interfere with the re- 
mainder of the processing as described above. 

It has also been noted that the backside of a 4o 
semiconductor wafer often comprises minor 
amounts of foreign materials. Including moisture, 
which must be removed prior to placing the wafer 
In a high vacuum environment to avoid long baking 
or outgassing times. 45 



backside of the wafer as well. 

Basically this invention provides a process and 
an apparatus for treating the backside of a semi- 
conductor wafer in a manner which will result in the 
absence of materials on the backside of the wafer 
which would otherwise interfere with subsequent 
processing of the front side of the wafer to form 
integrated circuit structures thereon. 

More specifically the invention provides a pro- 
cess and an appartus for treating the backside of a 
silicon wafer to form a coating, preferably an oxyde 
coating, thereon which will inhibit the deposition of 
materials, such as tungsten thereon which would 
react with the silicon to form a poorly adherent 
siiicide coating thereon. 

Alternatively this invention provides a process 
and an apparatus for treating the backside of a 
semiconductor wafer to remove materials present 
on the backside of the wafer which would otherwise 
interfere with subsequent processing of the front 
side of the wafer to form integrated circuit struc- 
tures thereon. 

The invention is characterized in claim 1 and 7, 
respectively. 

Preferred embodiments of the invention are 
claimed in the rest of the subclaims. 



Brief Description of the Drawings 

Figure 1 is a flow sheet describing the pro- 
cess of the invention 

Figure 2 is a vertical fragmentary cross-sec- 
tional view of apparatus used in the treatment of 
the backside of the wafer showing the use of 
support pins to space the underside of the wafer 
from the cathode. 

• Rgure 3 is a top view of the semiconductor 
wafer shown in Rgure 2. illustrating a typical posi- 
tioning or array of the support pins beneath the 
wafer. 

Detailed Description of the Invention 



Summary of the Invention 



Therefore, it is the main object of the invention 
to provide a proc ss and an apparatus which would 
be capable of removing undesirable impurities from 
the backside of a semiconductor wafer and/or in- 
hibit the deposit of undesirable materials onto the 



50 



The invention provides a process for the treat- 
ment of the backside or back surface of a semicon- 
ductor wafer such as a silicon wafer. A plasma may 
be used both to clean the back side of the wafer to 
r move impurities, including moisture and other 
occluded gases, as well as to deposit a layer of 
oxide on the back surface of the wafer to inhibit 
subsequent deposition of poorly adherent materials 
on the back side of the wafer which might other- 
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wis9 flake off during processing of the front side of 
the wafer to fomn integrated circuits thereon. 

The terms "backside" or "back surface", when 
referring to the semiconductor wafer used in the 
formation of integrated circuit structures, is intend- 
ed to refer to the non-polished side of the wafer, 
while the top surface of the wafer refers to that 
surface of the semiconductor wafer which is nor- 
mally polished to provide a very flat surface to 
facilitate subsequent formation of integrated circuit 
structures thereon. 

Referring to Figures 2 and 3, a portion of a 
plasma etching chamber apparatus is shown com- 
prising a conductive cathode 10 sun'ounded by 
insulation means 20. Positioned over cathode 10 is 
a semiconductor wafer 30 having a top surface 32 
and a bottom surface 34. Pins 14 protrude upw ar- 
dly from the surface of ca tfiode 10 to support wa fer 
30 thereon a spaced dista nce from cathode 10 of 
from about 1 cm to about 2, 5 cm to permit forma - 
tion of a plasma therebetween as will be describe d 
below. 

Pins 14 are provided with pointed ends 16 to 
engage the bottom surface 34 of wafer 30 while 
shielding a minimum area of surface 34. Pins 14 
optionally may be retractable into recesses 12 in 
cathode 10 when not in use. as shows Rgure 2. As 
Shown in Figure 3, four such pins may be used to 
space wafer 30 from cathode 10. Other configura- 
tions and numbers of support pins can. of course, 
be used. Pins 14 may be made of any material 
which will not interefere with the processing of 
wafer 30. In one embodiment, pins 14 may be 
constructed of aluminum. 

In accordance with the Inve ntion, the pjp sma 
etch chamber containing wafer 30 i s maintained at 
a pressure of from about 50 to about 300 mlllitorr 

afci>iiniiiiiwi»r II III 

and a plasma is Ignited betwee n the backs ide 
surface 34 of wafer 30 and catho de 10 using con - 
ventlonal rf power generation e quipment" (not 
shown) operated at a power range of from ab out 25 
to 100 watts. ~ 

In accordance with one aspect of the invention, 
during Ignition of the plasma, a stream of an inert 
gas such as argon, neon, or helium is flowed 
through the etching chamber at a rate of about 20 
to about 200 ccm/s. The plasma is maintained fo r a 
period of from about 10 to about 60 seconds which 
is sufficient to remove undesirable i mpurities, in- 
eluding moisture and other occlud ed gases from 
surface 34 of wafer 30. Wafer 30 may then be 
moved to a high vacuum chambe r for further p ro- 
cesslng without the need for leng tiiy heatir^ a nd 
outgassing to remove such gases an0 mois ture 
from the back surface of. the wafer. 

In accordance with th'e'preferred embodiment 
of the invention, however, an oxidizing gas, rather 
than an inert gas, is flowed through the etch cham- 



ber during the plasma flow to permit formation of 
an oxide layer on the back surface 34 of wafer 30 
to a thickness of from about 10 to about 30 Ang- 
stroms, preferably about 20 to about 30 Angstroms, 

5 which is sufficient to inhibit the deposition of tung- 
sten or other undesirable materials on back surface 
34 of wafer 30 during subsequent processing of 
wafer 30. As in the cleaning embodiment, the 
length of time needed to form the oxide layer 

70 ranges from about 10 seconds to about 3 minutes, 
preferably from about 10 seconds to about 60 
seconds. 

It should be noted that when the oxidizing 
embodiment of the process of the invention is 

75 being practiced, there is no need to clean surface 
34 prior to the oxidation since the heat generated 
by Ignition of the plasma has been found to be 
sufficient to remove any materials on surface 34 
which would otherwise interfere with the formation 

20 of the desired oxide coating thereon. 

Example of oxidizing gases which may be 
used in include O2, N2O, O3, and CO2. However, of 
these gases O2 is the preferred oxygen source, 
because it is easily available and most efficient for 

25 oxidation. 

It should be noted that the maximum spacing 
range of wafer 30 from cathode 10 and the maxi- 
mum ri power range specified are both important 
from the standpoint of controlling the extent of the 

30 oxidation of back surface 34 of wafer 30. While a 
larger spacing or a higher power range will still 
result in oxidation of surface 34, the resulting plas- 
ma will will be harder to control and contain, result- 
ing in oxidation of not only back surface 34 but 

35 front surface 32 of wafer 30 as well. 

While some oxidation of front surface 32 of 
wafer 30 is inevitable during the back surface oxi- 
dation process of the invention, any oxidation of 
front surface 32 must be removed to permit pro- 

40 cessing of the front surface to consfruct the desired 
integrated circuit sfructures therein. Therefore, it is 
preferable to form the desired oxidation layer on 
back surface 34 of wafer 30 under conditions which 
will minimize the amount of oxide fonned on front 

45 surface 32. 

While temperatures higher than room tempera- 
ture, e.g., higher than about about 20 to about 
25* C, may be used during the oxidation process, it 
is preferable to maintain a temperature not exceed- 
so ing about 25 *C In the plasma chamber for the 
same reasons as discussed above with regard to 
the maximum spacing and power level, i.e., to 
control the extent of the oxidation and to minimize 
oxidation of front surface 32 of wafer 30. The 

55 temperature in the plasma chamb r may be conve- 
niently confrolled by the temperature of the gas 
which is flowed into the chamber, or preferably by 
using a closed loop of chilled water flowing through 
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the chamber. 

It should also be noted that it is pr f rable that 
the b ack side p rocessing of the wafer in accor- 
ci ance with th^ ^ invention be carried out prior to 
p rocessina_ of the front side of the wafer to avoid 
in terfering with any processing already carried out 
on the fro nt side. However, when the protective 
oxide layer is formed on the back side surface of 
the wafer in accordance with the invention, subse- 
quent pro cessing of the front side of the wafer 
nrtust be carried out in a selective manner which 
will not re sult in damage to the oxide layer on the 
back side of the wafer, such as subsequent wet 
etohing o f the front surface to remove oxide. 

The following examples will serve to further 
illustrate the process of the invention. 



Example 1 



A 12,5 cm diameter silicon wafer was spaced 
on pins 2,5 cm above a cathode in a plasma 
chamber evacuated to a pressure of 200 milliton" 
with the polished side of the wafer facing the 
cathode to facilitate measurement of the thickness 
of the oxide formed. While ICQ ccm/s of O2 were 
flowed through the chamber, a plasma was ignited 
between the cathode and the silicon wafer and then 
maintained at a power level of 75 watts for 60 
seconds. The same procedure was then followed 
with a second wafer, however with the polished 
side facing away from the cathode to facilitate 
measurement of the thickness of the oxide formed 
on the opposite side of the wafer. 

Subsequent measurement of the oxide thic- 
knesses on the two wafers showed that an oxide 
layer of about 12-20 Angstroms thickness was 
formed on the polished side of the first wafer facing 
the cathode, while only about 6 Angstroms of oxide 
was formed on the poiished side of the second 
wafer facing away from the cathode. 



Example II 



To Illustrate the use of N2O. Instead of O2 as 
the oxidizing gas, silicon wafers were processed 
using the procedure of Example 1 at a pressure of 
20 millitorr» and a power level of 20 watts. N2O was 
flowed through the chamber at a rate of 50 ccm/s 
and the plasma was maintained for 1 minute. Sub- 
sequent examination of the wafers showed that 
about 6*8 Angstroms of oxide were formed on the 
side of the wafer facing the cathode while 3 Ang- 
stroms of oxide were fomned on the side of the 
wafer facing away from the cathode. 



EXAMPLE III 



To illustrate the difference In deposition of 
5 tungsten on a wafer having the backside oxide 
coating iormed in accordance with the invention 
and a wafer not so treated, a silicon wafer having a 
10-20 Angstrom oxide layer formed thereon in ac- 
cordance with the procedure of Example I and a 
70 second silicon wafer not so treated were exposed 
to a deposition of tungsten by flowing 20 ccm/s of 
WFc gas for 1 minute through a vacuum chamber 
maintained at 10 Torr and 300 *C. Subsequent 
examination of the two wafers under a microscope 
75 showed no reflectivity change on the surface of the 
wafer coated with oxide in accordance with the 
invention, while the wafer not so treated showed 
the surface converted to tungsten almost com- 
pletely. 

20 Thus, the invention provides a process for 
treating the back side of a semiconductor wafer 
which is capable of removing undesirable impuri- 
ties from the backside of a semiconductor wafer 
and inhibiting the deposit of undesirable materials 

25 onto the backside of the wafer as well. 



Claims 

30 1. A process for treating the back side of a 
semiconductor wafer which comprises: 

a) supporting a semiconductor wafer a 
spaced distance from a cathode with the back side 
of said wafer facing said cathode; and 

35 b) forming a plasma In the gap formed be- 

tween said cathode and said back side of said 
wafer to treat said back side of the semiconductor 
wafer. 

2. The process of claim 1 , wherein said step of 
40 supporting a semiconductor wafer a spaced dis- 
tance from a cathode further comprises spacing 
said back side of said wafer a distance of from 
about 0.8 cm to about 2.5 cm from said cathode. 

3. The process of claim 1 or 2, wherein said 
45 process is carried out in a vacuum chamber main- 
tained at a vacuum of from about 50 to about 100 
millitorr. 

4. The process of claim 1, 2 or 3, wherein said 
step of forming a plasma further comprises main- 

60 taining the rf power at from about 25 to about 1 00 
watts for a period of from about 10 second to about 
3 minutes to substantially confine said plasma to 
the back side of said wafer. 

5. The process of any of claims 1 to 4. wherein 
55 said step of forming said plasma further Includes 

flowing an inert gas selected from the class con- 
sisting of argon, neon and helium through said 
chamber at a rate of from about 50 to about 200 
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ccm/s. 

6. The process of any of claims 1 to 4, wherein 
said step of forming said plasma further includes 
flowing an oxidizing gas selected from the class 
consisting of O2, NaO, O3 and C02 through said 6 
chamber at a rate of from about 20 to ab)out 200 
ccm/s to form from about 10 to about 30 Ang- 
stroms of an oxide layer on said baci< side of said 
wafer. 

7. An apparatus for treating the baci< side of a 10 
semiconductor wafer comprising: 

- a vacuum chamber: 

- a cathode (10) arranged in said vacuum chamber; 

- support means (14) for punctual the engaging 

said back side of said semiconductor wafer pro- 15 
truding upwardly from said cathode (10) within said 
chamber; and 

- a gas supply means for supplying an inert gas or 
an oxidizing gas through said chamber in order to 
form a plasma in the gap formed between said 20 
cathode and said back side of said wafer. 

8. The apparatus of claim 7, wherein said sup- 
port means comprises pins (14) spacedly arranged 
to each other. 

9. The apparatus of claim 7 or 8, wherein said 25 
support means or sad pins (14) respectively, are 
arranged retractable into recesses (12) formed In 

said cathode (10). 

10. The apparatus of any of the claims 7 to 9, 
wherein said vacuum chamber Is connected to a 3q 
means for maintaining a vacuum from about 50 to 
about 300 millltorr in said vacuum chamber. 
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SPACING THE BACK SIDE OP A 
SEMICONDUCTOR WAFER PROM 
1 CM TO 2,5 CM ABOVE A 
CATHODE IN A VAOTOM CHAMBER 



PORMING A PLASMA BETWEEN THE 
WAPER AND THE CATHODE WHILE 
PLOWING AN OXIDIZING GAS 
THROUGH THE CHAMBER 



MAINTAINING THE PLASMA FOR 
ABOUT 10-180 SECONDS UNTIL 
ABOUT 10-30 ANGSTROMS OP 
OXIDE IS FORMED ON THE 
BACKSIDE OP THE WAPER 



FIG. 1 
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FIG. 2 




FIG. 3 



